ABSTRACT -This study aimed to determine the effect of cooking on the centesimal compositions, the content of bioactive compounds, and antioxidant activities in beans of the cowpea cultivars. The beans were cooked without soaking (1:5 w/v) in a pressure cooker for 780 seconds. Statistical analysis was performed using Student's t-test to determine the difference between means of raw and cooked beans. One-way ANOVA: post-hoc Tukey's test was applied at 5% to compare the data of the cultivars. Significant difference (p 0.05) was noted between the moisture contents of samples, with values ranging from 10.69 to 11.37% in the raw beans and 63.32 to 75.43% in the cooked ones. Only BRS Marataoã showed a slight reduction (1.24%) in the energy value. The total polyphenol content in cooked beans decreased on discarding the broth. BRS Marataoã showed the highest levels of total polyphenols and flavonoids in raw beans, cooked beans, and broth. The raw beans of the cultivar BRS Itaim had greater content of condensed tannins and total anthocyanins. The raw beans, cooked beans, and broth showed statistically significant differences between their antioxidant activities, and the best results were found in the samples not subjected to thermal processing, particularly in BRS Marataoã. In conclusion, cooking influenced the concentration of bioactive compounds and antioxidant activities of the beans. Therefore, it is recommended that cooked cowpea beans should be consumed with the cooking broth for optimization of antioxidants.
INTRODUCTION
The cowpea bean, a leguminous plant of the genus Vigna, is widely cultivated in North and Northeast regions of Brazil and in the African continent. It is of interest as a food product owing to its easy climatic adaptability and functional and nutraceutical properties (FROTA et al., 2008; FALADE; KOLAWOLE, 2013; MARQUES et al., 2015) . Recently, genetic breeding techniques, in pursuit of desirable characteristics in an ideal cultivar, have been used to produce various materials that make up the cowpea genebanks (FROTA; SOARES; ARÊAS, 2008) .
The cowpea has an excellent nutritive composition: proteins (23 to 25%, mostly globulins and albumins); carbohydrates (56.8%), B vitamins, minerals (potassium, phosphorus, iron, calcium, manganese, magnesium, and zinc), dietary fiber (3.9%), and low fat content (1.3%), with a substantial amount of unsaturated fatty acids (45.6 to 78.1%).
It also contains non-digestible oligosaccharides (raffinose, stachyose, and verbascose) (CARVALHO et al., 2012) .
The increasing demand for healthy dietary foods has driven research for foodstuffs that can meet these needs. Vitamin C, α-tocopherol, carotenoids, and phenolic compounds that are present in plant products have the ability to reduce oxidative damage associated with many diseases including cancer, cardiovascular disease, atherosclerosis, diabetes, arthritis, among others (SIDDHURAJU; BECKER, 2007) .
Polyphenols are chemical structures with hydroxyl groups and aromatic rings (monomers or polymers), showing antioxidant properties. Major polyphenols include flavonoids, phenolic acids, simple phenols, coumarins, tannins, lignins, and tocopherols (ANGELO; JORGE, 2007) . These phytochemicals complement the endogenous antioxidants, which regulate the various oxidation-reduction reactions that occur continuously in the body. In turn, phenolic compounds are known to be unstable and are influenced, among other factors, by the temperature used during food processing (SULTANA; ANWAR; IQBAL, 2008) .
Thermal processing allows optimal nutrient intake in beans, thus improving their digestion, nutrient absorption, and sensory characteristics. Proper cooking can also reduce non-digestible oligosaccharides and thermolabile anti-nutritional factors, such as trypsin inhibitors and phytates. As a result of the antioxidant properties of these compounds, thermal processing results in substantial changes in the antioxidant capacities of the grains (BENEVIDES et al. 2013; FERNANDES; CALVO; PROENÇA, 2012; KALPANADEVI; MOHAN, 2013) .
Thus, the aim of this study was to evaluate the effect of domestic thermal processing (cooking) on the chemical compositions and antioxidant activities in grains of five cultivars of cowpea.
MATERIAL AND METHODS

Experimental protocol
Samples of cowpea grains were collected from the experimental field of Embrapa Meio-Norte in Teresina-PI (72 meters altitude, 5° 5′ South Latitude and 42° 48′ West Longitude) from the first crop of 2013. The grains were kept at the Laboratory of Bromatology and Food Biochemistry (LABROMBIOQ) in the Nutrition Department of the Federal University of Piauí (UFPI) in hermetic packagings at 8 °C until their analysis.
Five cultivars were analyzed: BRS Marataoã, BR 17-Gurguéia, BRS Itaim, BRS Cauamé, and BRS Guariba. The first two cultivars have colorful seed coats, while the other cultivars have white seed coats.
Sample preparation
The beans were manually scanned for removal of impurities and unhealthy grains. The grains of each cultivar were subjected to two different preparation procedures. The raw beans were ground using a rotor mill (Tecnal, TE-651/2-T) to a homogeneous powder (0.5 mesh). Another batch of beans was cooked without soaking in a 1:5 beans: water ratio (w/v) in a 2 L domestic pressure cooker for 780 seconds after constant steam output from the pressure valve. Then, the cooked grains were separated from the cooking broth with the aid of plastic sieves and homogenized in a grau with pistil for further analysis. The homogeneous powders obtained from the raw beans and cooked beans were stored in bags of low density polyethylene and 0.08-mm thick film, and the cooking broths were stored in plastic tubes (0.05 L), both under refrigeration (8 °C) until analysis. All analyses were performed in triplicate in the period from March 2014 to December 2014.
Proximate composition and total energy value
Moisture was determined until constant weight was observed after drying in an oven (314D242, Quimis. São Paulo, Brazil) at 105 °C. Ash content was determined after calcination of the samples in a muffle furnace (Q-318M21, Quimis, São Paulo, Brazil) at 550 °C up to constant mass. Protein concentration was determined using the Macro-Kjeldahl method with a conversion factor of 5.75 (for plant proteins), and lipid content was determined by intermittent hot extraction using hexane as a solvent in a Soxhlet apparatus (ET-044, Tecnal, São Paulo, Brazil) (AOAC, 2005) .
Carbohydrate content was calculated using the difference method, and the total energy value was determined according to Atwater conversion factors (WATT; MERRILL, 1963) .
Bioactive compounds
Several solvents were tested (water, 80% acetone, and ethanol) because the solubility of phenols varies according to the polarity of the solvent used, the degree of polymerization of phenolic compounds and their interactions with other constituents of food. The best extraction yields were obtained using 50% methanol-70% acetone-water extract (2:2:1). To obtain the extracts, the procedure was adapted from Rufino et al. (2007) .
The levels of the following bioactive compounds were determined using the spectrophotometric method: total phenolic compounds (ROSSI; SINGLETON, 1965) 
Antioxidant activity
Antioxidant activity was determined using the following methods: 2,2′ azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) method described by Re et al. (1999) and 2,2-diphenyl-1-pikrylhydrazil (DPPH) method described by Brand-Williams, Cuvier, and Berset (1995) .
Statistical analysis
Data analysis was performed using the software program 'statistical package for social sciences' (SPSS) version 17.0 (SPSS, 2006) . The results were presented as means and standard deviations. Before starting the statistical analysis, the non-parametric Kolmogorov-Smirnov normality test was applied. Normal distribution (p<0.05) was observed between the means of the three replications for each cowpea cultivar. Thereafter, Student's t-test was used to verify the differences between the means of raw and cooked grains (centesimal composition), and one-way ANOVA: post-hoc, Tukey's test was applied at 5% probability (p < 0.05) with a 95% confidence level to analyze differences between the means of the cultivars (HILBE, 2013) .
RESULTS AND DISCUSSION
Proximate composition and total energy value
The grains absorbed water after cooking (see Table 1 ). This result is in agreement with results of several previous studies (DELFINI; CANNIATTI-BRAZACA, 2008; RAMÍREZ-CÁRDENAS; LEONEL; COSTA, 2008; SILVA; BRIGIDE; CANNIATTI-BRAZACA, 2013). Water absorption capacity is influenced by seed coat characteristics of the grains: thickness, weight, adherence to cotyledons, elasticity, porosity, and colloidal properties. Hence, the analyzed cultivar grains had similar seed coat characteristics because they showed similar grain moisture contents after cooking. The levels of ashes, proteins, lipids, and carbohydrates from the grains of the five cultivars were also not affected by the heat treatment (Table 1) .
It is likely that ash content in the cooked grain samples remained unchanged because cooking favors the release of some mineral complexes present in grains, such as the phytic acid-mineral complex, replacing the mineral diffusion losses in the cooking broth (RAMÍREZ-CÁRDENAS; LEONEL; COSTA, 2008) .
The presence of the cooking broth associated with grains during the determination of proximate composition may have contributed to the quantification of solubilized proteins, lipids, and carbohydrates, as observed by Silva, Brigide and Canniatti-Brazaca (2013) and Ramírez-Cárdenas, Leonel and Costa (2008) .
The cultivar BRS Marataoã showed a significant difference (p <0.05) in the total energy value after cooking, which can be explained by lower levels of lipids and carbohydrates in the grain of this cultivar (Table 1) .
Bioactive compounds
After thermal processing, there was a decrease in the total polyphenol content in the grains of the five cowpea cultivars (Table 2) , as observed by Delfini and Canniatti-Brazaca (2008) and Siddhuraju and Becker (2007) in the genotypes of cowpea and common beans.
In the present study, the contents of phenolic compounds were significant, considering the sum of the contents obtained in the cooked grains and respective cooking broths, justified through the reduction of proteins bound to polyphenols on cooking. Therefore, the transfer of compounds to the broth occurs because of the water solubility of these compounds. Means of data from three replications. Same capital letters between raw and cooked beans imply that there is no significant difference, based on the Student's t-test. Same lowercase letters between cultivars in the same column in raw and cooked beans imply that there is no significant difference, based on the Tukey's test. Both tests compare the means at asignificance level of 5%. *Results expressed on a dry basis.
Total flavonoid contents in the grains and their cooking broths are shown in Table 3 . After thermal processing, there was an increase in the total flavonoid contents in the five cultivars, considering cooked beans and cooking broth. Sultana, Anwar and Iqbal (2008) found an increase in the phenolic content in vegetable samples after thermal processing. These authors attributed this increase to the possibly increased solubilization and extraction of these compounds as a result of softening or breakdown of plant cell walls.
According to Machado et al. (2008) , losses during processing of these compounds vary, depending on the kinds of food and preparation that are used. Thus, the stability of flavonoids and their glycosylated chemical structures may have contributed to higher extraction of these compounds in samples, in some cases, exceeding the phenolic content, as proteins are possible complexation substrates and may cause underestimation of the levels of total polyphenols.
The concentrations of anthocyanins in the samples are shown in 
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Means of data from three replications. Same lowercase letters between cultivars in the same column indicate that there is no significant difference, based on Tukey's test. Same capital letters between raw bean, cooked bean, and cooking broth indicate that there is no significant difference, based on Tukey's test. The means were compared at a significance level of 5%. Results expressed on wet basis. *ND (not detected).
The emphasis on the content of anthocyanins in the grains of BRS Itaim can be justified by the fact that genetic variability may contribute to a change in the profile of phenolic compounds of each grain. Andrade and Ogliari (2010) , in a study on anthocyanin content in cowpea, determined a content of 2.20 mg -1 in grains of the cultivar BRS Marataoã, a value greater than the one determined in the present study. However, anthocyanin contents in grains of both BRS Novaera and BRS Tumucumaque cultivars were 1.02 mg -1 . Ha, Noh and Lee (2010) identified five types of anthocyanins in cowpea: delphinidin 3-glucoside, cyanidin 3-glucoside, petunidin 3-glucoside, 3-glucoside peonidin, and malvidin-3-glucoside.
Thermal processing caused a decrease in the total anthocyanin contents in the grains of the five cowpea cultivars. Thus, the sum of the levels of these phytochemicals in the cooked grains and cooking broth did not exceed the levels found in the raw grains. This factor can be explained by the effect of temperature on the stability of anthocyanins, wherein degradation is greater at higher temperatures.
As shown in Table 5 , thermal processing may cause attenuation of the contents of condensed tannin in BRS Itaim and BRS Cauamé cultivars, owing to the ability of tannins to diffuse from the cotyledon into the endosperm and bind to proteins. This decrease was also observed by Benevides et al. (2013) and Ramírez-Cárdenas, Leonel and Costa (2008) while evaluating different beans with 64-83% reduction. Means of data from three replications. Same lowercase letters between cultivars in the same column indicate that there is no significant difference, based on Tukey's test. Same capital letters between raw bean, cooked bean, and cooking broth indicate that there is no significant difference, based on Tukey's test. The means were compared at a significance level of 5%.
Results expressed on wet basis. *ND (not detected).
In turn, the contents of condensed tannins of cultivars BRS Marataoã, BR 17-Gurguéia and BRS Guariba, increased after thermal processing, possibly considering the compounds that migrated to the cooking broth. In the study by Avanza et al. (2013) , the cowpea grain variety "Colorado" showed the same levels of tannins after three cooking times (20, 40, and 60 minutes) .
According to Barampama and Simard (1995) and Oliveira et al. (2001) , although the broth is a possible source for these compounds, insoluble molecular complexes may be formed between tannins and related compounds that are present in the broth during cooking (proteins, lipids, and oligosaccharides), which cannot be extracted and quantified by analytical techniques, resulting in underestimation of their values.
Antioxidant activity
As shown in Table 6 , thermal processing also affected the antioxidant activity of cowpea grains of the cultivars. BRS Marataoã cultivar showed the highest antioxidant activity in both methods, both before and after processing and in the cooking broth, followed by BR 17-Gurguéia. Both these cultivars have dark seed coats, similar to the observation of the study by Silva, Rocha and Canniatti-Brazaca (2009) , where the grains of colored varieties showed higher levels of phenolic compounds, resulting in higher antioxidant activities of the grains. The antioxidant activity evaluated by the two methods is attributed to the presence of phenolic compounds. Among these compounds, total flavonoids are possibly the main components that are responsible for this activity, since they are in greater quantities in the grains and cooking broths.
Cooking promoted a decrease in the antioxidant activities of grains, as observed by Siddhuraju and Becker (2007) , who analyzed the effect of thermal processing on two cowpea genotypes, in which the raw grains had EC50 (concentration of the sample required to inhibit 50% of the DPPH radical) contents of 618 and 705 mg -1 of DPPH, compared with 1238 and 1922 mg -1 of DPPH after processing. However, despite the reduction in antioxidant activity in the cooked grains, there was an increase in the antioxidant activities on considering broth and cooked grains together.
CONCLUSION
The ash, proteins, lipids, and carbohydrates contents in the five cowpea cultivar grains were not affected by heat treatment. After cooking, cowpea cultivars showed high contents of bioactive compounds, considering both the grains and cooking broth. The polyphenols and total flavonoids contents were highest in the BRS Marataoã and BR 17-Gurguéia cultivars, and they also showed the highest antioxidant activities. BRS Itaim cultivar showed high contents of anthocyanins and condensed tannins. The antioxidant activities of the cowpea cultivars were higher in raw beans and cooking broth and lower in cooked grains in both methods. Therefore, it is recommended that cowpea should be consumed through preparations that use cooked beans with the cooking broth.
